








ABSTRACT

Hospitals in the US are typically built as thick buildings due to a desire to optimize
travel distances and functional relationships within and between clinical and supporting
departments. However, this building configuration disconnects building occupants
in core work areas from daylight and views to nature. It also promotes high energy
consumption due to excessive use of arfificial lighting and air-condition. Yet, having
access to daylight and the view to nature in buildings is important for human health
and wellbeing, especially in hospitals. Daylight regulates the body "s circadian rhythm,
is necessary to produce Vitamin D, affects mood, lowers stress, increases concentration,
and enables perFormGnce of visual tasks. Addiﬁono”y, hoving access to dcly|ighi can
improve the recovery process, if is effective as an onfidepresscmi, and reduces pain.
Furthermore, d0y|if hospiials have a great poienﬁa| for energy savings, if their design

infegrates appropriate doy|ighﬁng strategies and recognition of local climatic conditions.

Future generations of hospital design need to become healthier places to deliver
care, and become healthier for the planet by minimizing their significant impact
on carbon driven climate change. Therefore, improving access to daylight and
connections fo nature should be a major design driver for hospital buildings and
other large healthcare building typologies to protect the health of building occupants

and support the 2030 challenge to protect global health and natural resources.



An extensive literature review was conducted to study the impact of daylight in
buildings on human health and wellbeing as well as the potential for energy savings.
Architectural typologies used for hospital buildings in the US and Europe were
explored for daylight penetration. Current hospital designs illustrate chances and
challenges for providing daylight and views to the outside in core clinical areas.
The increasingly dense and compressed footprints of US hospitals make it difficult
to integrate daylight without moving to more perforated plans or narrow wings as
employed in other parts of the world. The study of global best practices, together
with literature research, were used as basis for the development of daylight design
guidelines for future US hospitals, that meet the requirements of contemporary
programs and codes. Guidelines that were developed include 1) Orientation
and location, 2) Narrow building footprint, 3) Perforated thick building footprint,
4} Couﬁyords in patient, staff and pub|ic areas, 5) Shoding, and 6) Sky|ighis and

clerestories in patient, staff and pub|ic areas.

A design-proposal for a mid-size [146 bed] community hospital (one of the most
common hospital types in the US), implementing the developed daylight-design
guidelines, is presented as a test case. The Montgomery hospital replacement
project in Norristown, Pennsylvania was picked to implement the thesis proposal on

a challenging tight urban site to create a hospital based on the proposed concept:

“Form Follows Daylight”.
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light environment. This ever expanding equipment intensive and process oriented
space resulted in deep planned building shapes. However, these thick building
configurations disconnects building occupants in core areas from daylight and
views to nature. Yet, hoving access to doylighf and the view to nature in bui|dings
is important for human health and we||be'|ng. F’hysio|ogico||y, it regu|ofes human
circadian rhyfhm, stimulates the visual system and psycho|ogico||y, dcly|'|ghf and views
to the outside are much desired. According to the biophi“cx hypofhesis, humans have

a partially genetic tendency to respond positively to nature (Wilson, E.O., 1984).

Because daylight can be used to illuminate interior space of a building through side
lighting, toplighting or guided light systems, daylit hospitals have a great potential
for energy savings-, if their design infegrates daylighting and recognition of local
climate conditions. For present and future generations, hospital design is challenged
with the need to reduce greenhouse gas emissions and energy consumption, due
to its impact on carbon driven climate change. Therefore, daylight and connections
to nature should be a major design driver for hospital buildings and other large
healthcare building typologies to protect the health of building occupants and to

support the 2030 challenge to protect the global health and natural resources.

Physically, the light of the sun is a source of electromagnetic radiation with a balanced
spectrum of colors spectrum ranging from ultraviolet (UV-light) 100 nm to infrared
(IR) radiation 10 nm. But only a small part of this light, the range between 380 nm

and 780 nm, is visible for human eyes. The characteristics of daylight involves a
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and design review of daylit hospitals around the world (Chapter 4: Daylight and
Healthcare Architecture) six daylight guidelines are developed and illustrated by best

practice case studies in the second part of the thesis.

The proposed concepts are then applied to a design proposal for a 146 bed
replacement community hospital in downtown Norristown, Pennsylvania. This daylit
community hospital is designed to address the particular local climate conditions and
challenges of a tight urban site to create an efficient hospital with physical and visual
connection to nature and daylight. It is intended to demonstrate how daylight can
be introduced in US hospitals while addressing the complex planning and context

constraints of a contemporary hospiicﬂ program.




































22

Having a window with a view to the outdoors and daylight can also increase
concentration. This is the result of the study by the Heschong Group in 2003. They
compared tests performance data from 21,000 students. Students in classrooms with
the most daylighting progressed 80 percent faster on math tests and 26 percent faster
on reading test than those in classrooms with less daylight. The comparison also
indicates that students in rooms with the largest window area progressed 15 percent
faster in math and 23 percent faster in reading, and in classrooms with skylight and
diffuse daylight distribution students performed 19 percent faster than students in
rooms without (Heschong et al., 2003).









American hospitals are among the most intensive energy users for this building type
worldwide. For instance, the average carbon dioxide emission of American hospif0|s
was 280 KBtu/SF in 2008. In comparison, the average CO2 emission of German
hospitals was 104 KBtu/SF and Norwegian hospitals produced 127KBtu/ SF (Figure
29). These data illustrate the importance and potential of American hospitals to
reduce their energy consumption and thus, greenhouse gas emission. Other countries
have focused on increasing building energy efficiency for far longer than the US and
provide lessons on how to reduce energy consumption and atf the same time provide

highly efficient and healing environments.

The fundamentals of this idea are expressed in the 2002 ASHE Green Healthcare

Construction Guidance:

“1. Protect the immediate health of building occupants.
2. Protect the health of the surrounding local community.

3. Protect the health of the global community and natural resources.”

(Guenther, R. & Vittori, G., 2008)

One sustainable development which supports the above, is the eco-efficient
movement. This means “creating more goods and services with ever less use of
resources, waste and pollution.” (hitp://whbcsd.org) Future healthcare facilities with
better outcomes will need to use less energy and resources than hospitals today,

by using different design strategies, such as reformulation of their HYAC systems,
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solar energy, doy|ighﬂng, ground coup[ed heat pump etc. for reduction of their CO2
fooiprini ihroughouf their (:IevelopmenlL and life cyc|e. Their design and operation

must become more efficient.

An integrated design approach where climate and local natural forces are considered
during the design process is essential for an eco-efficient architecture. For instance,
natural existing conditions such as wind directions or the path and the intensity of
sunlight influences the building form and orientation. These strategies can be used for
illumination (daylighting), heating, cooling or delivery of fresh air by cross ventilation or
stack-effect ventilation. Considering and using these conditions provides the potential

to subsioniio”y reduce the energy consumption and greenhouse gas emission of a

bui|ding.









brings opplicoﬁon po1enﬁc|| to the US. Respecfive[y Scandinavia is located in a
climate zone which can be, due to the size of the US, on|y compored to the northern
part of the US. However the integrated design approach “form follows climate” is

the same, even when adapted to local climate conditions in more southern parts of

the US.

European hospital typologies employ narrow building footprints, which are
decentralized info centers and clustered around each other. In contrast American
hospitals often compress all these into one thick building as a inpatient tower on a
diagnostic and treatment platform. Another common form is the linking of a thick
diognosfic and treatment block to either an inpatient tower and/or series of wings,
usually along a connecting spine. This unbundled typology segregates diagnostic
and treatment areas from inpatient areas. This organization in theory allows the
shorter travel distances between different deporfmenis, however iso|oiing many
clinical and support work spaces from nature, especially in diagnostic and treatment
departments, decreases flexibility and creates thick building footprints with minimal

building perimeter and limited access to daylight and fresh air.

g

podium on platform

unbundled: segregation of diagnostic and
treatment from inpatient areas

o

segregation of diagnostic and treatment
from inpatient areas| vertical distribution

Figure 31: Common hospital typologies used in the

Us.
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These exomp|es from around the world and an emerging number of facilities in the
US are demonsfroﬂng that hospiicﬂs can be funciion{]”y efficient and effective p|oces
for patient care, environmentally responsible and healthier for all their occupants

when they are designed to optimize access to daylight and views to nature.

Typically hospital typologies such as the street typology, the terrace typology, the
perforated block or the campus plan (Figure 50) promoting these connections in
patient care, work spaces and public areas are based on narrow building footprints
or articulated and penetrated plan forms. In some countries in Europe, for instance in
Germany, the connection 1o the outside and providing a view, in primary staff working

areas is mcndofory by law due to its necessity for a safe and heloy environments.

:;‘,.‘ > ¢ > 7 ( 4: ’?

Figure 50: Typicc| hospih}i 1ypo|ogies used in Europe: street 1ypo|ogy, per{orcfed bui|ding block and campus
plan.





































































treatment areas in the US. Patient wards are Usuc1||y not required to be mechonico”y

ventilated, and ventilation fhrough opening windows is usuo”y the most common

solution. (Atkinson, J. et al. 2009)

Concepts: The Rikshospitalet University Hospital in Oslo, Norway is a great example
for narrow footprint in combination with a connecting main street as airia. This
building configuration allows for natural ventilation in most areas of the building,
using different ventilation concepts such as the stack effect (Figure 81: section aaq)
and cross ventilation. Narrow patient unit wings are aftached to a long connector,
the “main street”. This connector is built as an atria with side opening at the top. The
atria is natural ventilated using the stack effect, illustrated in section aa. Fresh air
enters into the building through controllable openings in the facade at the ground
level and is exhausted through smaller side openings at the top of the atria. In case
of the 60" wide courtyards in the D&T block (Figure 81: section bb) fresh air flows
from the windward side to the side sheltered from the wind through the ground level

and enclosed courtyards into the building and out.

Another example of an articulated, perforated or narrow hospital, however in a
much smaller scale, is the Alliwen Community Hospital in North Wales, England.
This Community hospital is located in a rural setting and provides almost universal
contact with nature. To optimize the use of natural light, natural ventilation and heat-
ing strategies, the hospital is split level and organized around an atria which is used

as a main street, connecting all departments (Figure 83). The atria is covered with a
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